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Aarochemical FormulaHong 



TTtis invention relates to agrochemical formuiaiions and in particular tc such fornrjisticns In solid 
granular form and especially to sucfi formulations where the granules are dispersible in water. 

Agrochemical formulations are commonly applied by spraying, usually in an aqueous medium, in 
which the active agrochemical may be dissolved, dispersed or emulsified either as such or 
dissolved In a water immisdble solvent In meeting the demand for a reduction in the risk to the 
end user, solid formulations are attractive because the active agrochemical is Immobilised, and 
solid formulations can be of higher density than liquid formulations. It is also desirable that the 
water dispersible granule fbnrn of the agrochemlcat formulation is non-dusting and typically has a 
partlde size of from 200 imi to 2 mm. The dusting tendency of the granules can be Improved 
(dusting reduced) by using binder materials in making the solid fbrmulatton, but this may detract 
from the speed and extent to which the granules disintegrate when placed in water especially if 
the binder Is not water soluble. Materials In cun-ent use for this function include, 
polyvlnylpyrTolldone (PVP). polyvinyl alcohol (PVOH), carbomethoxycellulose (CMC), starch, 
alginate, gum arable, sorbitol, and sucrose. 

Dispersing agents are commonly included in agrochemical water dispersible granules to help 
disperse the active ingredient In water. Examples of conventional dispersing agents Include 
sodium and ammonium salts of naphthalene sulfonate fonnaldehyde condensates: sodium, 
calcium and ammonium salts of llgnosulfonates; sodium and ammonium salts of maleic anhydride 
copolymers and sodium salts of condensed phenolsulphonic add. 

The present invention Is generally directed to agrochemicals in the form of water dispersible 
granules Induding styrene {meth)acryllc copolymers as dispersing agents for the agrochemical on 
mixing with water and in particular can provide good dispersion and suspension properties after 
extended storage (ageing) of the dry granules. 

The present Invention accordingly provides an agrochemical formulations in solid granular form 
which is dispersible in water and which indudes: 

1 one or more water dispersible agrochemical active components; and 

2 a dispersing agent induding a water dispersible styrene (meth)acrylic copolymer. 

The present invention Indudes an agrochemical fomiulation In solid granular form which is 
dispersible in water and which indudes: 

1 one or more water dispersible agrochemical active components; 

2 a dispersing agent induding a water dispersible styrene (m^)acfylic copolymer, and 
at least one of: 
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3 one or more solid support materials; 
-4 one or more wetting agents; 

5 one or more adjuvants; and/or 

6 one or more water soluble matrix materials. 

In particular, the invention provides an agrochemlcal fomnulations in solid granular form which Is 
disperslt3le in water and which includes: 

1 one or more water dispersibie agrochemical active components; 

2 a dispersing agent including a water dispersibie styrene (meth)acrylic copolymer. 

3 one or more solid support materials; and 

4 one or more wetting agents; and optionally 

5 one or more adjuvants; and/or 

6 one or more water soluble matrix materials. 

TTie iriventlon includes a method of making a spray mix In which an agrochemical fbnnulation In 
solid granular form of the invention is dispersed in water. The invention further includes a method 
of treating plants in whtoh the plants or the soB sumounding the plants are sprayed with a spray 
mix made by dispersing an agrochemical formulations in solid granular form of the invention In 
water. 

The water dispersibie styrene (meth)acrytic copolymer used In this Invention Is for convenience 
sometimes referred to below as a polymertc disp.ersant The polymeric dlspersant is a styrene 
(meth)acrylic acid copolymer. The repeating units in the copolymer are conveniently considered 
as residues of monomer components. 

The (meth)aciylic add monomer(s) can be acrylic add, methacrylic add, crotonic add or a 
mixture of two or more of these. The (meth)acryllc add monomer(s) can be or Indude 
(meth)acryllc monomers which are derivatives of {meth)acrylic add which indude strong add, 
especially sulphate add or sulphonic add groups (or their salts). Examples of such monomers 
Indude acrylamldo methyl propyl sulphonate (AMPS) and (meth)acrylic add isethlonate. When 
present such strong add modified monomers usually fonn from 1 to 30 molB%, more usually 2 to 
20 mole%, and desirably from 5 to 15 mole%, of the acrylic acid monomers in the copolymer. 

The styrene monomer(s) can be, and desirably Is. styrene as such or a substituted styrene 
particulariy a hydrocarbyl, desirably all^, substituted styrene. in which the substituent(s) are on 
the vinyl group or on the aromatic ring of the styrene e.g. a-methyl styrene and vinyl toluene. As 
with the (meth)aciyllc add monomer, the styrene monomer can be or indude styrene monomers 
induding strongly add, particularly sulphonic acid substituents. When present such strong add 
modified monomers usually fbnn from 1 to 30 mole%. more usually 2 to 20 mde%, and desirably 
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from 5 to 15 niole%, of the styrene monomers in the copolymer. 

In the water disperslble styrene (meth)aciylic copolymer used In the Invent* on. the molar ratio of 
residues of the (meth)acfylic add monomer(s) to those of the styrene monomers) is generally 
from 20:1 to 1 :5. more usually 10:1 to 1 2 and particularly from 3:1 to 1 :1 . Generally 
correspondingly, the proportions of residues of the monomers by weight are typically from 93 to 
10%. more usually 87 to 25%. particularly 67 to 40%. of the (meth)acryllc add monomer($) and 
from 7 to 90%, more usually 13 to 75%, particularty 33 to 60%, of the styrene monomer(8). 

Other monomers, such as addle monomers e.g. Itaconic acid or maleic add or anhydride; 
strongly addic monomers such as methallyl sulphonic add (or a salt); or non-addic acrylic 
monomers e.g. acrylic esters which may be alkyi esters particularly to Cq alkyi esters such as 
methyl methacrylate, butyl methacrylate or butyl acrytate or hydroxy alkyi esters particularty to 
C5 hydroxyaikyl esters such as hydroxy ethyl methacrylate, or hydroxy propyl methaoylate; or 
vinyl monomers such as vinyl acetate, can be induded. Typically, the proportion of such other 
monomer(s) will be not more than about 25 mole%, usually not more than about 15 mde%. more 
usually not more than about 5 mote%. of the total monomers used. The proportion by weight of 
other monomers will typicatty be not more than about 30%. usually not more than about 20%. 
more usually not more than about 10%. 

The polymeric dlspersant can be a single styrene acrylic add copolymer or a blend induding two 
or more such copolymers. In particular, when strong add residues are Included in the polymeric 
dlspersant. the dlspersant can be a blend of copolymer induding strong add residues and 
copolymer not Induding such residues. In such blends, it Is generally desirable that the ratio of 
such copolymers is from 1:10 to 10:1. more usually 5:1 to 1:5. by weight In particular, the 
proportion of copolymer Induding strong add residues is desirably at least 25%, more usually at 
least 40%, by weight of the polymeric dlspersant. 

When strong add residues are Induded In the polymerte dispersant. the overall proportion of 
monomer residues induding strong add groups Is desirably from 025 to 25 mole %, more usually 
from 0.5 to 20 mole % and desirably from 1 to 1 0 mole %. 

The induslon of monomers having strongly addic substituent groups in the polymeric dlspersant 
can provide improved dispersion of the sdkJ granular form of the agrochemical fomiulations when 
dispersed in hard water, particularly water having a hardness above 500 ppm e.g. up to 
1000 ppm. up to 2000 ppm or even up to 5000 ppm. 

The polymeric dispersant desirably has a mojecular weight of from 750 to 20000, more desirably 
from 1000 to 10000 and particularty from 1500 to 5000. The polymeric dispersant can be used as 
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the free edd or es a salt. In practice, the form present in a fonnulation wni be determined by the 
acidity of the fbrmulatlon. Desirably, the formulation will be near neutral and so most of the add 



sodium and/or potassium, ammonium, or amine, induding alkanolamine such as ethandamlne. 
particularty tii-ethanolamine. Polymeric dlspersants used in this Invention are desirably free from 
solvent which might interfere with the active ingredient or cause the granules to slick together. 
Also it is useful If the polymeric dispersant can be used satisfactorily in a variety of different 
granulation processes. Further desirably the polymeric dispersant is heat stable, readily soluble 
in cold water from the sdid dispersible granule (satisfactory polymeric dlspersants need not be 
readily cold water sduble from the bulk sdid form) and non gdling. 

The polymeric dlspersants can be made by free radical initiated polymerisaUon. e.g. using a 
peroxide or a redox initiator, particularty by solution pdymerisation. of the constituent monomers, 
optionally also with a chain transfer agent such as an alkyi mercaptan which acts to control the 
molecular weight of the polymer. Suitable methods are described for example In EP 0897422 A. 

To aid dispersion of the active component(s) In the spray formulation after dHutlon with water. It Is 
desirable that the polymeric dispersant is compatible with and more usually interacts strongly 
with, the surface of any water insduble adive agrochemical present in the fomnulation. Water 
Insoluble agrochemical adh^es may be used as powders, absorbed/adsortwd onto solid support 
material or, particularty for liquid actives, in microencapsulated form. Desirably when 
microencapsulated actives are used the polymeric dispersant Is also desirably compatible with 
common shell wall materials used in such microcapsules e.g. polyurea. polyurethane. polyester, 
polycarbonate, pdysulfonamlde and polyamMe. 

The dispersing agent used in the formulatton of the invention may be wholly of styrene 
(meth)acryUc copolymers or it may indude other dispersant materials such as the conventional 
dlspersants menttoned above, such as naphthalene sulfonate fbnmaldehyde condensates. 
Ilgnosulfonates, maleic anhydride copolymers and condensed phendsulphonic add and their 
salts. When used In such combinations the weight ratio of styrene (meth)acrylic copolymerts) to 
such conventional dlspersants will usually be at least 1 :5 and more usually from 1:4 to 10:1, 
particularty from 1 :2 to 5:1 . 

Other conventional dlspersants and dispersing elds such as polyvinylpyrrolidone (PVP). polyvinyl 
alcohol (PVOH). phosphate esters such as the tristeryl phenol based phosphate esters available 
as Soprofor FL. carbomethoxycellulose (CMC), starch, alginate, gum arabfc. sorbitol, and sucrose 
(as mentioned above) can be included. When used such conventional materials are typically 
used as minor components of the dispersing agent e.g. at from 1 to 20% by weight of the total 



groups wfll be present as salts. Tt'ie catioris In any such salt 
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disparsant 



Ttie agrochemical active material can be one or more of a wide range of water dispersible 
agrochemicaity acUve materials. Description of the actives as water dispersible means that they 
are water soluble or can be dispersed In water, If necessary with the use of dispersfrig agents. 
Spedfically. it may be one or more plant growth regulators, herbicides, and/or pesticides, for 
example insecticides^ fungicides, acaricldes, nematocides. miUddes. rodenticides. bactericides, 
moOusclcides and bird repellants. Usually, the active will be a water Insoluble or immiscible 
material, although granules can be made including water soluble active materrals. 
Specific examples of actives include: 

Herbicides: Including triazines such as Atrazine {6^loro.N^thyl^^1-methylethyi).1,3.5-tria2ino- 
2.4-diamine. and Prometryn(N,N'.bis(1^nethylethyl)*(methylthlo).1,3.54riazine)- 
2.4-diamlne}, substituted ureas such as Diuron {NX3,4^ichiorophenyl).N,N-dimethylurea}. 
sulphonyl ureas such as metsuifuron-methyl {2-[II[(4-methoxy-€-m8thyl-1,3.5-triazln-2-yl) 
aminolcarbonyi]amlno] sulfonyijbenzoate}. triasuHuron {2-{2-chloroelhoxyH^-|[(4-metho)cy- 
6-methyi-1.3,5-triazin-2-yl) amino]carbonyI]ben2enesulfonamide}. tribenuron-methyl 
{methyl 2-[[[[(4-methoxy^ethyl-1 .3.5-tria2ln.2-yl)-methylamlno]carbonyl]aminolsulfenyO 
benzoate} and chlorsulfuron {2-chloro-N-[I{4-methoxy-e-methyl-1,3.5-tria2in-2- 
yi)amino]carbony1] benzenesulfonamlde}, bis-carbamates such as Phenmedipham {3- 
((methoxycarbonyl)amino] phenyl (3-methylphenyt)carfoamate); 

Fungicides: Including thiocarbamates. particularly all(ylenebis(dithlocart)amate)s, such as Maneb 
{[1.2-ethanediylbB-[carbamodithlato] (2-)] manganese) and Mancozeb {ni.2-ethanediyl- 
bis[carbamodithiato]](2-)]manganese mixture with [[1.2-ethanediylbis[cartamodlthlato]] 
(2-))zinc}. strobilurins such as azoxystrobin {methyl (E)-2-{[6-{2-cyanophenoxy)- 
4-pyrimldinyi]oxyJ^-(methoxymethylene)benzeneacetate} and l(rBSOxim-methyl 
{(E)-a-(methoxyimino)-2-[(2-methylphenoxy)methyl]b8nzeneaceticacid methyl ester}, 
dicarboximldes such as iprodlone {3-{3,5-dlchlorophenyl>.A^isopropyl-2,4-dloxo 
imidazolidine-1-carboxamlde}; azoles such as propiconazoie {1-[2-(2,4-dlchlorD- phenyl)- 
4-propyH,3K«oxolan.2-yl- me1hyHH-12,4-trlazole). and tebuconazole 
{(RS>-1iHi!lorophenyM,4^imethyl-3-(1H-1A4-triazole-1-y^^^ 
halophthalonitriles such as chlorothalonil {2,4,5.Wetrachloro-1,3-dicyanobenzene); and 
inorganic fungicides such as Copper hydroxide {Cu(0H)2}; 

Insecticides: induding benzoyl ureas such as DIflubenzuron {rH[(4.chlorDphenyl)amino] 
carbonyi]-2.6-difluorobenzamide)}; and carbamates such as cart)aryl {1-naphthyl 
methylcarbamate}: 

Acarlddes Induding: tetrazines such as Clofentezine {3.6-bis(2-chlorophenyl}.1 A4.54etrazine}. 
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Among water soluble active materials, nor^selective herbicides, parttculaity AKphosphono- 
melhyl)glydne type herbicides such as glyphosate and suiphosate (respectively the isopropyt* 
amino and trlmethylsulphonlum salts of A^phosphonomethyl glycine} and phosphinyl amino acids 
such as glufbslnate {2-amlno^hydroxymethylphosphinyl)butanolc add), particularty as the 
ammonium salt. Such water soluble actives can be used as the sole active In water dispersible 
granules, but more usually, they will be used in combination with water insoluble or Immiscible 
actives in multi-active formulations. 

The granules can include solid support filler or diluent material(s) which Is desirably Inert to the 
agrochemicaOy active material, but which Is readily dispersible In water. If necessary In 
conjunction with dispersing agents. They may also have the benefit of redudng granule dry 
dumping and the dteintegration rate (on addition to water) and can also be used to adjust the 
active ingredient concentration. Examples indude days such as kaolin (china day) and.bentonite 
days, which may be natural bentonites or modified e.g. activated bentonltes. synthetic and 
diatomaoeous silicas, caldum and magnesium silicates, titanium dioxide, aluminium, caldum or 
magnesium carbonate, ammonium, sodium, potassium, caldum or barium sulphate, charcoal, 
starch. Induding modified starches such as alky! and carboxyalkyi starches, cellulose, such as 
microcrystalllne cellulose, and cellulose derivatives such as carboxyalkyi cellulose, and mbctures 
of two or more such solid support, filler, diluent materials. 

The agrochemical formulation can include adjuvants, particularty surfectant adjuvants, espedally 
non-Ionic surfactants, such as alcohol alkoxylates e.g. ethoxylates, particularly of C3 to C^g 

alcohols whidi can be linear, branched or linear/branched mixtures; alkylamine alkoxylates e.g. 
ethoxylates, particularty of C3 to C^g atkylarrtines; sorbitol and sort)itan fetly add, particularty Cg 
to 8 fatty add, esters and their ethoxylated derivatives; and alkyi, particularty Cg to C14 alkyl, 
pdysacchartdes. Solid adjuvants can be induded directly In the fbrmulatlon. When the adjuvant 
is a liquid then ofien simple direct incorporation is not appropriate because the adjuvant will often 
represent a relatively high proportion of the total weight of the granule. For example, typk:al 
weight ratios of adjuvant to agrochemical adlve range from 1:3 to 10:1. The Indusfon of such a 
large amount of liquid may adversely affect the properties of the granule e.g. by making the 
granules sticky. This problem can be avokjed by adsort)ing the liquid adjuvant in or adsort>lng It 
on a solid support e.g. siDca or diatomaoeous earth, which can be solid support, filler or diluent 
material as mentioned above, or by Induding It as a dathrate espedally a urea dathrate. 

Other suifactants can be Induded parttoulariy as wetting agents to speed up granule wetting and 
disintegration on mixing with water. Examples of wetting agents indude nonlonlc surfactants 
such as alcohol ethoxylates for example of C9 to 5. particularly primary, alcohols, which may 
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be linear or branched, particularty mono-branched, ethoxylates with from 5 to 30 motes of 
ethylene uxide; snd alKcxylates of such alcohols particularty mixed ethoxylate/propoxylates whbih 
may be block or random mixed alkoxylates, typically containing from 3 to 10 ethylene oxide 
residues and from 1 to 5 propylene oxide residues, particularly where the polyalkoxylate chain is 
terminated with propylene oxide unit{s): poiyoxyethylene/polyoxypropylene copolymers, 
particularly block copolymers, such as the Synperonic PE series of copolymers and AtJas G 5000 
available from Unlqema, and alkyi polysaccharides; anionic surfactants e.g. isethlonales. such as 
sodium cocoyi isethionate, naphthalene sutphonic adds or sulphosuccinates. Mbctures of such 
wetting agents can also be used. Although some wetting agents are Ik^uid. the amounts used are 
generally not so large as to give rise to problems with granule sttekiness. However. If desired, the 
wetting agents can be used in a fomi In which they are adsorbed on solid support such as silica 
or diatomaceous earth, which can be solid support, filler or diluent material as mentioned above. 
Of course for solid wetting agents granule stteUness does not generally limit the amount that can 
be used even without using a support 

Water soluble matrix materials such as urea, ethylurea, hydnoxyethyiceliulose, sugars such as 
sorbitol and lactose, polyvinyl alcohol and sodium acetate trihydrate may be Included if desired. 
Such matrix materials, especially urea can be used in the form of clathrates Incorporating other 
system components such as adjuvants (see above). 

The total amount of dispersing agent used In the granules of this invention is typically from 3 to 
10%. particularly from 5 to 8%. by weight of the dry granule. The amount of polymeric dispersant 
used Is desirably at least 1 % and more usually 2 to 1 0%, particularty from 5 to 8% by weight of 
the total dry granule tbrmulatton. When a combination of polymeric dispersant and conventional 
dispersing agents is used the polymeric dispersant desirably represents at least 50%. more 
usually at least 75%. of the total dispersing agent by weight When wetting agents are used the 
amount used Is typk:ally from 1 to 5%. particularty 2 to 4%, by weight of the dry granule and the 
weight ratio of dispersing agent to wetting agent is desirably from 2:1 to 4:1 . Generally, the 
combined amount of dispersing agent and wetting agent is from 3 to 10%. more usually 5 to 8% 
by weight of the total dry granule formulation. 

The total amount of agrochemically active material will typically be from 10 to 95%. more 
particularty 20 to 90% by weight of the dry granule. When the granule does not Include an 
adjuvant, the amount of agrochemically active material will typically be from 40 to 95%, more 
particularty 50 to 90% by weight of the dry granule. When an adjuvant is included the amount of 
agrochemically active material will typically be from 10 to 70%, more particularty 20 to 50% by 
weight of the dry granule and the amount of adjuvant from 10 to 50%. particularty 20 to 40%. by 
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weight of the total dfy granule. Typically the amount oPadjuvant Is from 1 to 10. more usually 
from 1 to 5, parts by weight per part by weight of active. The combined proportion of 
agrochemically active material and adjuvant is typically from 10 to 95%, more particularly 20 
to 90% by weight of the dry granule. 

The amount of solid support, filler and/or diluent, when used, Is typlcaOy from 0.05 to 2. 
particulaTly 0.1 to 1 . parts by weight per part by weight of the combination of agrochemical active, 
adjuvant (when used), dispersing agent and wetting agent (when used). Thus, the amount of 
solid support material used is typicaUy from 0 to 70%. particularly 5 to 50%, by weight of the dry 
granule. The amount of soluble diluent, when used. Is typically from 0 to 70%, partlcularty 5 to 
40%, by weight of the dry granule. 

The amounts of the major components of the granules of the invention are desirably within the . 
ranges indicated In the following table: 

Component Amount (% w/W on dry granule) 





broad 


preferred 


Agrochemical active 


10 to 95 


20 to 90 


without adjuvant 


40 to 95 


50 to 90 


. with adjuvant 


10 to 70 


20 to 50 


Adjuvant (when present) 


10 to 50 


20 to 40 


Dispersing agent 


3to10 


5to8 


Polymerfc dispersant 


ItolO 


5to8 


Wetting agent (when present) 


1 to5 


2to4 


combined Dispersing and 






Wetting agents 


3to10 


5to8 


Solid support (when present) 


0to70 




Soluble diluent (when present) 


0to70 





ratio dispersing to wetting agents 
particularly from 2:1 to 4:1 



Other materials that can be include in the granules include; 

Buffering materials e.g. so that the pH of the redispersed material is from 4 to 9, more 
usually from 5 to 8 and partlcularty about 7. 

Disintegrating agents can be included to speed granule disintegration on mixing vinth water 
e.g. in a spray mix tank. Suitable materials include readily soluble materials such as 
inorganic water soluble salts e.g. sodium chloride, nitrate salts etc., and virater soluble 
organic compounds such as urea (water soluble matrix materials may thus serve also as 
disintegrating agents), which dissolve thus opening up the granule structure. More active 
• disintegration effects can be achieved using materials which swell or are effervescent on 
contact with water. Such active disintegrants may be partlcularty useful where the granules 
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are made by tabletting as tabletting tends to produce a more compacted solid form than 
other methods of granulation. 

Humectants can be included. espedaHy to aid water retention during granule fbmiulation. 
Examples of suitable materials Include polyoxyethylene/polyoxypropylene copolymers, 
partiajlarty block copolymerB, such as the Synperonic PE series of copolymers available 
from Unlqema. The non-ionic surfactants mentioned above as adjuvants may also act as 
humectants. 

Particularly when the granules are made by tabletting, addittonal components may Include 
lubricants such as stearates e.g. magnesium stearate, or boric add. anti^dherence 
additives and gttdants. 

Other components that may be included are penetrating agents; antifdams; safeners such 
as Bitrex; pigments and/or dyes; anti-caldng additives; sequestrants; and adheslves. 

The solid granular fbnn of the agrochemical formulations can be a powder, particulariy to forni a 
so-called wettable powder, which can be made by mixing the components In powdered fbrni and 
passing the mixed powder through a centrifuge mill with a suitable e.g. a 0.08 mm, screen. 

Typically, the granules are made by mixing the fomiulatlon components Including sufficient water 
to fomi a paste having suitable rheology for granulation, fomting granules from the mixture and 
then diying the granules. Desirably the fomiulation includes a filler and when used the 
composition of the formulation wilt usually be adjusted so that the composition can readily be 
fomfied into granules. A wide variety of granulation methods can be used, indudhg extrusion, 
fluidized bed granulation, pan^ranutation. spray drying and tabletting. Powder granular 
fbrmulahons can be converted into granules of ia^er partide size by such processing methods or 
by adding moderate amount of water to the powder and mixing to agglomerate the powder into 
larger granules. 

In extrusion granulation the fbmrtulatlon will usually be made up as a pasty material that can 
readily exinjded typically to gh^e spaghetti like strands whteh are usually subsequently broken up 
into granules e.g. during drying. 

In fluidized bed granujatlon a mixture of the powdered components Is fluidized in a flukJized bed 
and the mixture is sprayed with an aqueous mixture or sdutlon of the liquid components. The 
partides agglomerete in the bed to form granules which are dried in the bed. 

In pan granulation, the solids are tumbled in a rotating Indined vessel and the Iquld components 
sprayed on the partides which agglomerate to fomi granules which are dried either in the vessel 
or subsequently. e.g. in a fluidized bed drier. 
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In spray drying a flowable slurry or solution of an the components of the formulation Is made and 
passed to a spray drier where the slurry or soiuticn is atomised and dried. If necessary, a desired 
size range of particles Is selected from the spray dried product and/or the product can be 
agglomerated e.g. in a fluidized bed, to form a granulate of the desired partide size range. 



plastic and is then tabletted. 

Particulariy where the granulation method directly produces granules having a range of particle 
sizes, the granule product can be sieved or othenvise classified, to yield a desired limited particle 
size range. This Is a convenient way to exclude fine particles and thus to make a granular 
product which Is non-dusting at the point of manufacture. 

The granules of the agrochemical formulation of this Invention typically can have a range of 
particle sizes. Granules having a moderate to large partide size, often described as water 
disperslbte granules, can have an average partide size (based on spheres of equal volume) of 
from 200 fim to 1 cm more usually from 200 fim to 5 mm. As partide size and the rate of 
disintegration are usually inversely related, it is desirable that the partide size Is not too great and 
average partide sizes of up to 2 mm. espedally in the range 200 pm to 2 mm are used In water 
dispersible granule formulations for agrochemicals. An average partide size less that 200 ^m is 
preferably not adopted as it will tend to be associated with higher proportions of fine partides that 
may give rise to dust. When ttie granules are made by extrusion, they typically have a diameter 
of from 0.5 to 2 mm but may retain a strand like form having a length of up to 1 cm. but more 
usually up to about 5 mm. Strand like granules of this type have minimum size, usually in Iwo 
dimensions considerably less than their length and typically in the range 0.5 to 2 mm. When the 
granules are made by tabletting, the shape of the granules will primarily be set by the shape of 
the tablet mould and typical average granule sizes may be from 0.5 mm up to 7.5 mm more 
usually up to 5 mm. The other methods of making granules will typically yield partides having a 
low aspect ratio and win usually be made or selected to have an average partide size of from 
200 ^ to 2 mm, more usually 500 ^m to 1.5 mm. As is Indicated above, the partide size 
dlstrtt)ution will generally be chosen so that the presence of finer partides. particulariy those less 
than about 100 pm is minimised. Accordingly the granules desirably Indude not more tiian about 
2 weight %, desirably not more than 1 weight %, of pariides having a size of less than 200 \m 
and desirably not more than 0.5% weight %. particulariy not more than 0.1 weight %, of partides 
having a size of less than 50 pm. 



In making granules in the form of tablets the composition is made up in a form that is suitably 



Particulariy where dusting is not a major Issue, the granules can be In the fonn of a powder, as is 
commonly described as a wettable powder, and such powders typically have average partide 
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Sizes of from 2 to 100 jim, more usually 5 to 50 jim, and desirably 5 to 25 iim. 



The following Examples Illustrate the Invention. Alt parts and percentages are by weight unless 

othenvise stated. 

Materials 

Dlsoersants - styrene acrylic add copolymers: 



Code 


AA/Sty* 


MW 




0S1 


2:1 


3800 


ca 40% by weight active material in water 


0S2 


2:1 


8000 


ca 40% by weight active material in water 


0S3 


5:1 


4700 


ca 40% by weight active material in water 


DS4 


10:1 


3800 


ca 40% by weight active material In water 


DS5 


10:1 


7950 


ca 40% by weight active material in water 


0S6 


1:1 


930 


ca 40% by weight active material in water 


0S7 


2:1 


3800 


90% by weight active material (DS1 spray dried) 


DS8 


2:1 


8000 


30% by weight active material in water 


D89 


2:1 


42000 


20% by weight active material m water 


D810 


2:1 


1300 


acryiic monomer Includes 10 mole% acrylamldo methyl propyi sulphonate - 
40% by weight active material in water 



* molar acrylic add to styrene monomer ratio in copolymer 
Disperaanta . other Dispersants 
Code Commerdat name Description 

CDS1 IVIorwet D425 88 - 90% by weight active. Na-salt of naphthalene sulphonic acid 

formaldehyde condensates broad MW distribution, methyl or isopropy) 
capped on naphthalene, ex Wltoo 

CDS2 Versa TL3 sulphonated styrene maleic anhydride (SM A) Na salt ex National Starch 

Company 

CDS3 Versa TL130 sulphonated polystyrene MW 200000 ex National Starch Company 
CDS4 Versa TL502 sulphonated polystyrene MW 1000000 ex National Starch Company 
C0S5 Polyfon 0 Sodium llgnosulfbnate ex Westvaoo 

AorQChemlcai Acth/i^ 

Code Commercial name Description 

Adi Atrarine 99% by weight active material ex Novartis (Ciba) 

Ad2 DIuron 96 (mln)% by weight active material in ex Sanachem 

Acta Cu(0H)2 contains ca 60% by weight by weight Cu 

Ad4 Chlorotalonil 95 (mln)% by weight adive material ex Zeneca 

Acts Iprodione 95 (mln)% by weight adive material ex Rhone-Poulenc 

Act6 Tebuconazde 95 (mln)% by weight adive materia) ex Bayer 

Ad7 Carbaryl 95 (mln)% by weight active material ex Rhone-Poulenc 
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Other Materials 



342 water 



342 ppm hardness WHO standard hard water 



Commercia) name Description 
Surf 1 Atlox MBA 1 3/6 alcohol ethoxylate surfactant ex Uniqema 
Surf2 Morwet EFW Na-salt of naphthalene sulphonic add formaldehyde ex Witco 
FOn Angirec B 24 kaolin ex Blancs MInereaux da Paris 
T^5t methods 
SMSPenslblllty (%) 

In Example 1 to 7. suspensibiiity - a measure for the stability of the dispersed soHds In 
water - was assessed by dispersing 3 g of the granular fomnulation In 100 ml of 342 water 
In a test cylinder. The cylfrider was inverted 30 times and allowed to stand for 30 minutes. 
The upper 90% were are drawn off with a suction tube, taking care not to disturb the 
sediment. The remaining liquid and any sediment were transfened to an evaporating dish 
and dried In an oven at 50"C to constant weight. The resulting powder was weighed (y g). 
The suspensibiiity (%) is the concentration of the powder In the upper 90% of the water - 
expressed as: 

[ 1 11 .(3 - yya ]% (equivalent to 33.{3 - y)%) 
In Examples 8 and 9 suspensibiiity was measured by a modified method in which 1 g of the 
granular formulation was dispersed into 100 ml 342ppm hardness water in a test cylinder, 
the cylinder was inverted 1 0 times and allowed to stand for 5 minutes, the cylinder again 
inverted 1 0 times and allowed to stand for 30 minutes. The upper 90% were drawn off with 
a suction tube, taking care not to disturb the sediment. The remaining material was filtered 
through a pre-weighed filter paper, dried and reweighed to determine the weight of material 
""suspended (y' g). The suspensibiiity (%) is the concentration of the powder in the upper 
90% of the water - expressed as: 

( 111.(1. yyi]% 

Disinteoratton {^A) 

Disintegration - the ease with which the granules disintegrate In the aqueous dispersing 
medium - Is measured by placing 4 g of granules in a test tube containing 100 ml of 
342 water. The tube Is inverted 10 times and the dispersran poured over a 150 pm sieve. 
The proportion of the granules retained on the sieve is measured (x %) and the 
Disintegration (%) is: (100 • x)% 



Ageing ! 

The effect of ageing on the granules was assessed by storing the granules at ambient 
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temperaiuTS or w an oven at SO^'C. The disintegration or suspenslblllly of the granules 
was assessed fresh (0) and reassessed after storage for periods of dma frem e.g. 
1 week(IW), 10days(100), 1 month (1M) or 3 months (3M). The temperature of ageing 
Is Indicated as ambient (A) or SO'^C (50) 

Manufacturing method 

For test purposes granules were prepared In 100 g lots. The weight of agrochemlcal 
active, polymeric dispersant and wetting agent varied within the experimental design and 
solid support material was added In an amount that the total weight was 100 g. 342 water 
was added to the blend to form a homogenous paste with a satisfactory rheology profile for 
extruston. This paste was fed to a Benchtop Granulator (Fuji Paudal) where it was passed 
through screens to give spaghetti like strands. These strands were dried in a fluid bed 
dryer (Niro Aromatic) at 40«C for 20 minutes. The product broke down Into granules by the 
mechanical action of the fluid bed drier and the granules were separated by sieving to give 
approximately cylindrical strands having an average (cylinder) diameter of from 1 to 1 .5 
mm which were up to about 5 mm long. 

Example 1 

This Example illustrates the suspenslbility of Atrazine fomriulations using various concentraUons 
of different dispersing agent. Including DS1 and various comparative materials. The basic 
formulation used was: 

Atrazine 90 g 

Adox MBA 13/8 1.8 g 

dispersing agent (dry) 5.0 to 7.7 g (see Table 1) 

Arglrec B24 to 100 g 

The suspenslbility of the granules - fresh and aged • was tested and the results are set out In 
Table 1 below. 



Table 1 



Ex No 


dispersd 


ig agent 


suspenslbntty (%) 


Nature 


cone (wt%) 


0 


1W50 


ir/iso 


3M50 


1.1 


DS1 


7.7 


86 


87 


85 


^4A 


1.2 


0S1 


6 


86 


84 


83 


83 


1.3 


DS1 


5 


86 


84 


84 


84 


C1.1 


CDS1 


7.7 


89 


78 


69 


NA 


C1.2 


CDS1 


5 


79 


34 


29 


NA 


C1.3 


CDS2 


7.7 


89 


91 


86 


89 


C1.4 


CDS2 


6 


87 


82 


82 


78 



WCb060942 lhtlp://www.Qetthepateritcom/Login.dog/$tod.v^^ Page 16 of 26 

^CT/GBO(V01381 



14 



Ex No 



CI. 5 



dispersing agent 



Nature 



CDS2 



cone (wt%) 



78 



suspens bility (%) 



1VV5C 



78 



1M50 



57 



3M50 



58 



C1.6 



C0S3 



7.7 



90 



90 



86 



85 



C1.7 



C.18 



C0S3 



86 



86 



CDS3 



86 



87 



84 



85 



54 



58 



CI. 9 



CDS4 



7.7 



93 



93 



86 



79 



C1.10 



C1.11 



CDS4 



90 



88 



CDS4 



84 



63 



84 



84 



62 



48 



The superiority of DS1 over the comparative materials is dear especially at lower proportidns of 
dispersing agent and after ageing. 



In this Example various styrene acrylic acid copolymers were used as dispersing agents at 6% by 
weight (dry) (as in Example 1 .2 above) and the effect on suspensibfllty of Atrazlne was tested. 
ThB results are set out in Table 2 below. 





Ji 


Ex No 


Dispersing 
agent 


suspensibility (%) 


0 


1W50 


2.1 


DS1 


86 


84 


2.2 


0S2 


81 


75 


2.3 


DS3 


81 


75 


2.4 


DS4 


83 


72 


2.5 


DS5 


80 


69 


2.6 


0S6 


83 


75 



Examplfl 3 

Granules of 90% by weight atrazine and different conoenlratlons of 0S1 , CDS2, CDS3 and CDS4 
as dispersing agent were made by extrusion of the nwrture of the components. The disintegration 
of the fresh and aged granules was measured and the results are set out in Table 3 below. 



Ex No 


dispersing agent 


disintegration (%) 


type 


conc(wt%) 


0 


1M50 


3M50 


3.1 


DS1 


7.7 


95 


95 


95 


3^ 


DS1 


6 


94 


95 


95 


3.3 


0S1 


5 


95 


95 


95 


C3.1 


CDS2 


7.7 


95 


95 


86 


C3.2 


CDS2 


6 


95 


76 


87 
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Ex No 


dispersing agent 


disintegration (%) 


type 


cone (wt%) 


0 


livlSO 


3M50 


C3.3 


CDS2 


5 


95 


68 


90 


C3.4 


CDS3 


7.7 


83 


91 


76 


C3^ 


CDS3 


6 


86 


63 


98 


C3.6 


CDS3 


5 


86 


68 


97 


C3.7 


CDS4 


7.7 


81 


82 


58 


C3.8 


CDS4 


6 


58 


63 


90 


C3.9 


CDS4 


5 


59 


52 


86 



Example 4 

In this Example the disintegration and suspenstbllity of water dispersibte granules incfuding 70% 
by weight Diuron as the active was tested. Granules were fbrmulaled with DS1 as dispersing 
agent and CDS1 for comparison, using the basic formulation: 

Diuron 70 g 

Attox MBA 13/8 2g 

dispersing agent (dry) 5 g (see table) 

Arglrec B24 23 g 

The test results are set out in table 4 below. 



Ex No 


dispersing 
agent 


suspensibility (%) 


disintegration (%) 


0 


1W50 


1M50 


0 


4.1 


DS1 


70 


70 


60 


95 


C4.1 


C0S1 


70 


70 


50 


95 



Example 5 

This Example Illustrates the use of Cu(0H)2 as the active using the basic formulation: 

Cu(OH), 70 g 

Atlox MBA 13/8 2g 

dispersing agent (dry) 5 g (see table) 

Argirec B24 23 g 

The suspensibflity and dispersibllrty of the water disperslble granules were tested and the results 
set out in Table 5 below. 



Ex No 


dispersing 
agent 


suspensibility (%) 


disintegration (%) 


0 


1W50 


1M50 


0 


5.1 


DS1 


67 


51 


47 


80 


C5.1 


CDS1 


45 


46 


41 


90 



wo 00/60942 



PCT/GBOO/01381 



- 16 - 

Example 6 

Samples of wettable powder (WP) and water dispersibie granules (WDG) of chioroialor.g v-^ere 
made in lots of ainut 200 g as follows: 

proportional amounts of ingredients (see table 6a) were mixed until uniform in a glass jar; 

the blended formulations were passed through a Centrifuge Mill at 18000 rpm (300 HzX 

having a 0.08 mm screen; 

5 to 10 g of the immediate product were set aside as samples of WP; 

the remaining known weight of powder was added to a bread Imeader and sufficient water 

to fonn a kneadable "dough* was added; 

granules were extruded and were dried ovemight at 50*C. 



Table 6a 



Ex 


act 


ive 


dispersant 


wetter 


Ffller 


No 


type 


wt% 


type 


wt% 


type 


wt% 


type 


wt% 


6.1 


Act4 


25 


DS7 


7 


Surf2 


1 


Rill 


67 


C6.1 


Acl4 


25 


CDS1 


7 


Surf2 


1 


Fiin 


67 


62 


Act4 


25 


DS7 


7 


Surf2 


3 


FilH 


65 


C62 


Act4 


25 


C0S1 


7 


Surf2 


3 


RII1 


65 


6.3 


Act4 


75 


DS7 


2 


Surf2 


1 


nin 


22 


C6.3 


Act4 


75 


CDS1 


2 


SurfZ 


1 


Rill 


22 


6.4 


Act4 


75 


DS7 


2 


Surf2 


3 


Fail 


20 


C6.4 


Act4 


75 


CDS1 


2 


Surf2 


3 


fhii 


20 


6.5 


Act4 


75 


DS7 


7 


Surf2 


1 


FllH 


17 


C6.5 


AcM 


75 


CDS1 


7 


Surf2 


1 


Fiill 


17 


6.6 


Act4 


75 


DS7 


7 


Surf2 


3 


FBI1 


15 


C6.6 


Act4 


75 


CDS1 


7 


Surf2 


3 


Filll 


15 


6.7 


Act4 


50 


DS7 


4.5 


SurfZ 


2 


Fan 


43.5 


C6.7 


Act4 


50 


CDS1 


4.5 


Surt2 


2 


RI1 


43.5 



The suspensibinty of these WP and WDG were measured In 342 ppm water and the results 
(means of tests on replicate samples 2x for 6.1 to 6.6 and C6.C to C6.6 and 4x for 6.7 and C6.7) 
are set out In Table 6b below. These results show that the acrylic add styrene copolymer is an 
effective dispersant for both WP and WDG granular fomns, being signiflcantty superior to the 
conventional dispersant. and the suspensibillty of the WDG did not deteriorate to a major extent 
oh ageing testing. 
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SuspensibDity 


Ex No 


lAfD 

Wr 


WD6 




U 


0 


1MA 


2MA 


1MS0 


2M50 


6.1 


Tfl 
fO 


80 


79 


82 


80 


79 


fUl 4 


7Q 

79 


69 


69 


70 


65 


67 


62 


78 


79 


78 


79 


78 


78 


C62 


81 


59 


64 


67 


58 


63 


6.3 


75 


78 


77 


77 


77 


77 


C6.3 


70 


65 


65 


65 


63 


65 


6.4 


73 


75 


76 


75 


76 


75 . 


C6.4 


71 


68 


68 


66 


66 


67 


6.5 


70 


76 


75 


75 


75 


74 


C6.5 


70 


71 


69 


69 


69 


70 


6.6 


74 


78 


79 


78 


79 


77 


C6.6 


66 


65 


64 


64 


64 


64 


6.7 


75 


78 


78 


78 


78 


86 


C6.7 


78 


73 


74 


74 


72 


73 



Samples of wetlable powder (WP) and water dispersible granules (WDG) were made as 
descnbed in Example 6 but using various active materials. The composition of the WP and WDG 
and the Suspenslbllity test results on fireshiy prepared materials are set out In Table 7 below. 

Table 7 



Ex 
No 


Dispc 


^rsant 


Active 


Wetter 


Rller 


Susp (%) 


type 


wt% 


type 


wt% 


type 




type 


wt% 


WP 


WDG 


C7.1 


CDS1 


4.5 


Act4 


50 


SurfZ 


2 


RI1 


43.5 


75 


72 


C72 


Acts 


50 


84 


32 


C7.3 


Acte 


50 


67 


27 


C7.4 


Act7 


50 


88 


83 


C7.5 


CDS5 


4.5 


Act4 


50 


Surf2 


2 


nin 


43.5 


65 


70 


C7.6 


Acts 


50 


83 


74 


C7.7 


Acts 


50 


70 


76 


C7.8 


Act7 


50 


89 


89 
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Ex 
No 


Oispc 


trsant 


Ad 


[ive 


Wetter 


Rller 


Susp (%] 


type 


wt% 


type 


wt% 




wt% 


type 


wt% 


WP 


WDG 


7.1 


DS7 


4.5 


Act4 


50 


Surf2 


2 


Filll 


43.5 


78 


78 


7^ 


Acts 


50 


87 


88 


7.3 


Acte 


50 


71 


80 


7.4 


Act7 


SO 


88 


90 



Examples 

Samples of wettable powder (WP) of carbaryl were made as described In Example 6 using blends 
of dispersants DS7 and OS10. Solutions of the dispersants were blended at ratios of 100:0, 
75:25. 50:50. 25:75, and 0:100. based upon dispersant solids weights, and allowed to dry 
overnight at SO^C. The resultant crystals were ground using a pestle and mortar. These 
disperant blends were formulated using various levels of the dispeisant blends and the 
suspensibllity of the fomiuiations was evaluated in 2000ppm hardness water. The compositions 
and test results are set out in Table 8 below. The suspensibiltty results indicate that the 
dispersant including sulphonated monomer residues gives improved suspensibllity as compared 
with DS1 alone in the very hard test water. Even modest proportions of DS1 0 can substantially 
enhance the suspensibllity of fbmnuiations mainly using dispersant DS7. 
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Samples of water dispersible granules of carbaryl were made as described In Example 6 using 
blends of dlspersants DS7 and DS10 as described in Example 8 at ratios of 75:25 and 50:50. 
These dlsperant blends were formulated using various levels of the dispersant l>lends and the 
suspenslbilfty of the fomiulations was evaluated in 345 ppm and 2000ppm hanlness water initially 
and after 10 days dtorage at 50^*0. Comparisons using conventional dlspersants CDS1 and 
CDS5 were also made and tested. The compositions and test results are set out in Table 9 
below. The results Indicate that the dispersant including sulphonated monomer residues gives 
benefits in improved suspensibaity in the very hard test water, particulalry as compared with the 
conventional dispersants CDS1 and CDS5. 

Table g 
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Claims 



2 



3 



4 



An agrochemical formulation in solid granular Ibmi which Is dispersible In water and which 
includes: 

1 one or more water dispersible agrochemical active components; and 

2 . a dispersing agent induding a water dispersible styrene(meth)acryllccQpo^^ 

An agrochemical formulation as claimed In claim 1 which additionally Includes at least one 
of: 

3 one or more solid support materials; 

4 one or more wetting agents; 

5 one or more adjuvants; and^or ' 

6 one or more water soluble matrU materials. 

An agrochemical formulation as claimed In claim 1 which includes: 

1 one or more water dispersible agrochemical adive components; 

2 a dispersing agent Including a water dispersible styrene (meth)acryllc copolymer; 

3 one or more solid support materials: and 

4 one or more wetting agents; and optionally 

5 one or more a^uvants; and/or 

6 one or more water soluble matrix materials. 

An agrochemical formulation as claimed in any one of claims 1 to 3 wherein In the styrene 
{meth)acryllc copolymer the (meth)acrylic acid monomer is acrylic add. methacrylic acid, 
crotonic acid or a mbdure of two or more of these and the styrene monomer Is styrene or 
an allcyl substituted styrene. 

An agrochemical formulation as claimed In any one of daims 1 to 3 wherein the styrene 
(meth)acfyllc copolymer Indudes (meth)acryllc add monomer residues induding a strong 
acid, espedally suiphonic add groups (or their salts). 



6 



An agrochemical formulation as daimed in any one of dalms 1 to 3 wherein the styrene 
(meth)acfyllc copolymer indudes residues of other monomers which may indude 
monomers induding a strong acid, espedally suiphonic add groups (or their salts). 
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8 



9 



10 



11 



12 



An agrochemical formulation as daimed In any one of claims 1 to 6 wherein In the styrdne 
(meth)acryllc copolymer the molar ratio of the residues of the (meth)acrylic acid monomer 
to those of the styrene monomer Is from 10:1 to 1:2. 

An agrochemical formulation as claimed In any one of claims 1 to 7 wherein the s^ne 
(meth)acfylic copolymer Includes residues of one or more of Itaconic add. maleic add or 
anhydride, acrylic alkyi esters, acrylic hydroxy alky) esters, or vinyl acetate. 

An agrochemical formulation as daimed In daim 8 wherein the styrene (meth)acryllc 
copolymer Indudes residues of one or more of methyl methacrylate, butyl (meth)acryiate. 
hydroxy ethyl methacrylata, or hydroxy propyl methacrylate. 

An agrochemical formulation as daimed in any one of claims 1 to 9 wherein the 
agrochemical active Is one or more plant growth regulators, hertiddes, and/or pestkddes. 
for example insectiddes, fungiddes. acaricides. nematoddes. mitlddes. rodentiddes. 
bactenddes. mollusdddes and bird repellants. 

An agrochemical formulation as daimed In any one of dafms 1 to 10 in the fomi of a 
wattable powder having an average particle size of from 2 to 100 ^m. 

An agrochemical formulation as daimed in any one of daims 1 to 10 in the form of a water 
dispersible granule having an average partide size of from 200 |Am to 5 mm. 

A method of making a spray mix In which an agrochemical fonnulation In solid granular 
form as daimed In any one of dalms 1 to 12 Is dispersed In water. 



14 



A method of treating plants In whteh the plants or the soU surrounding the plants are 
sprayed with a spray mix made by dispersing an agrochemical formulations In sdid 
granular fomn as claimed in any one of dalms 1 fo 12 In water. 
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